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Abstract 
Spray drying of fruit juices represents another alternative way to improve the physicochemical stability and increase their shelf 
life. Samples of pineapple powder was produced using the spray drying method to investigate the effect of inlet temperature and 
slurry concentrations towards the glass transition temperature of the pineapple powder. The spray dryer model used was a 
laboratory scale dryer and samples were run at different inlet temperatures of 130ÛC, 140ÛC, and 150ÛC. Maltodextrin was used 
as a carrier agent at different concentrations of 15%, 20%, and 25% (wt/wt). The resulting powders were then analysed for glass 
transition temperature, moisture content, pigmentation, pH value, and particle morphology. Results showed that at higher inlet 
temperatures and increment of maltodextrin content, the moisture content of pineapple powder decreased. The glass transition 
temperature of the powders increased as the inlet drying temperature increased. A similar trend in the glass transition temperature 
was also observed with the addition of maltodextrin concentration. The pH value of the pineapple fruit juice increased with 
addition of maltodextrin, the same trend was also observed in the reconstituted pineapple juice. The particle size of the pineapple 
powders decreased with increasing maltodextrin content and at higher inlet temperatures. The highest yield of powder was 
produced at spray drying conditions of 130ÛC with a maltodextrin content of 25%. The pineapple juice with high ratio of water 
obtained low glass temperature.  Furthermore, the result also shows that the higher amount of pineapple juice and maltodextrin 
increase had produced more pineapple powder. From the studies it is shows that the best processing condition to obtain a free 
flowing and least hygroscopic pineapple powder is the sample of 900g of pineapple juice used with 200g of water with the 
present of 25% maltodextrin. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Istanbul University. 
Keywords: inlet temperature; maltodextrin; glass temperature; pineapple; spray drying 
 
 
* Corresponding author. Tel.: +60255436276 
E-mail address:syafiza0358@salam.uitm.edu.my 
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
2661 Syafi za Abd Hashib et al. /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  2660 – 2667 
1. Introduction 
Pineapple also known as Ananas Comosus is the most widely known species of the cultivated members of the 
Bromeliaceae.  The growing demand for pineapple as beverages is increase.  Malaysia is one of the world’s largest 
harvesters of the pineapple fruit, with high demands of fresh fruit export and in the form of canned fruit. Typical 
products of pineapple fruit in the current market are in the form of candied pineapple, jams, juices, or infused as 
flavoring into other products.  
 
High content of ascorbic acid contain is one of the obstacle for export or import shipping as the juice form cannot 
last longer. Therefore, another way to prolong the storage life of a pineapple is in powder forms.  There are benefits 
of producing pineapple fruit juice powders such as prolonged shelf life of the pineapple juice in a dehydrated form, 
and can be easily packaged and transported as a powder (Goula and Adamopoulos, 2010). Spray drying provides a 
hygienic handling of the powders (Phisut, 2012) while retaining the nutrients and enzymes of the fruit (Ram and 
Kumar, 2010).  
 
The outcome of this study is to produce pineapple fruit juice powder using the spray drying method at different 
temperatures with varying maltodextrin concentrations, while the main objective of this study is to investigate the 
effect of inlet temperature and slurry concentrations towards the glass transition temperature of the pineapple 
powder.  
2. Literature Review And Hypotheses  
x Introduction 
One of suitable preservation method is drying to produce in powder form.  Spray drying method has been chosen 
in this study because this process has several advantages such as producing good quality final product with low 
water activity, rapid drying, product weight reduction, resulting in easy storage and transportation (Caparinoa et al., 
2012) Spray drying is the process removal of moisture from solid material when rapid heat is applied. It is a type of 
dehydration that is controlled by some factors such as humidity, temperature and velocity (Agarry, 2013).  Spray 
drying is always selected because the ability to process material rapidly and provide relative control of particle size 
distribution. Economic considerations of this method include hygienic conditions during processing, operational 
costs, and short contact time (Phisut, 2012).  The products to be spray dried can be categorized into two major 
groups which are non-sticky and sticky products. Sticky products are generally difficult to spray dry.   
 
The stickiness of powdered fruit juices can complicate process of spray drying in terms of low product yield, 
equipment wear and operational problems due to powders sticking to the equipment (Adhikari et al., 2001).  The 
sugar content of the fruit juice such as sucrose, fructose and glucose contributes to the stickiness of the powdered 
fruit juice (Phisut, 2012).  The presence of these sugars results in a low glass temperature (Tg), the temperature at 
which an amorphous solid starts to change from glassy state to a rubbery state.  Thus, the stickiness of the powders 
can be related to the glass temperature of the powder (Mani et al., 2002).  In order to reduce stickiness, the glass 
temperature of the pineapple juice powder can be manipulated by the addition of carrier agents such as maltodextrin, 
a powdery substance with a high molecular weight (Chegini and Ghobadian, 2007).  The glass transition temperature 
of spray-dried powders can be analyzed using a thermogravimetric analysis (TGA) in which the glass temperature 
can be characterized as a step down mass loss as temperature is increased (Farr and Harrison, 1989).  It is useful to 
have a rough estimation of the glass temperature and the melting temperature of the powdered pineapple fruit juice 
to ease the analysis of the graphs that the TGA will produce. Glass temperature of any substance is given to be lower 
than its melting point, thus it is important to differentiate between these two temperatures that describe phase 
change. 
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x Fundamental of Drying Process 
Drying is the oldest method of food preservation. It is the most common and most diverse of chemical 
engineering unit operations.  Drying is one of the separation operations that convert a solid, semi-solid or liquid 
feedstock into a solid product by evaporation of the liquid into a vapor phase with the presence of heat. It is a 
complex operation involving transient transfer of heat and mass along with several rate processes, such as physical 
or chemical transformations, which may cause changes in product quality as well as the mechanisms of heat and 
mass transfer. During this process, some physical changes may occur including shrinkage, puffing, crystallization, 
and glass transitions. Besides that, in some chemical reactions this process also lead to changes in color, texture, 
odor or other properties of the solid product.  It is occur by supplying heat to the wet feedstock either by convection, 
conduction or radiation. Approximately 99 percent in industrial dryers involve removal of water and 85 percent of 
industrial dryers applied the convective type with hot air or direct combustion gases as the drying medium. 
 
The basics of a spray drying process can be broken down into three steps: atomization, drying, and powder 
separation (Mujumdar, 2006).  During atomization, the liquid is fed via a peristaltic pump and fed to an atomizer, 
which disperses the liquid into droplets before entering the drying chamber (Baker, 1997).  Once in the drying 
chamber, the droplets come into contact with hot air and the droplets dries into a powder form almost 
instantaneously (Heldman and Hartel, 1997).  The resulting powders then move into a cyclone section of the dryer, 
where the powders are separated from the hot air and collected at the bottom, while the hot air is released to the 
atmosphere (Barbosa and Vega, 1996).  The inlet temperature of the spray dryer can be controlled to give different 
effects on powder properties such as moisture content, bulk density, particle size, pigmentation, and glass 
temperature. The drying temperature commonly used for the spray drying of fruit juices range between 130ÛC – 
150ÛC . 
 
x Temperature Glass, Tg 
 
 Citrus juice contains concentrated sources of nutrients and it can be considered as nutrient dense beverages.  
Most of the soluble solids in fruit juices contain sucrose, glucose, fructose as well as organic acid such as malic and 
tartaric acid (Telis, 2010). Besides that, fruit juice are low molecular weight. The physical properties of sugars in 
fruit influence differently during spray drying. Sticky behavior of fruit powder is depending on the sugar content and 
temperature of the product. Basically, drying and storage of powder fruit juices facing technical difficulties due to 
their characteristic associated with the compositions. The important properties are solubility, melting point, 
hygroscopicity and glass transition temperature, Tg (Telis, 2010; Das, 2002).  
 
 The glass temperature can be defined as the temperature at which the amorphous solids in a liquid mixture 
changes its properties to become a sticky, rubbery liquid (Mani et al., 2002). Glass temperature can also be defined 
as the limiting temperature at which a substance in amorphous state transforms from a glassy to a rubbery state 
(Tonon et al., 2009). Spray drying of fruit juice powders have been known to have a problem of powders sticking to 
the wall of the dryer (Tonon et al., 2009). Tg decreases with increasing moisture content (Goula and Adamopoulos, 
2010). This is contributed by the effect of performing the drying process at temperatures close to the glass transition 
temperature of the fruit juice powders, which causes the fruit juice powder to become sticky (Mani et al., 2002).  
 
 There are several ways to determine the glass transition temperature of fruit juice samples such as differential 
scanning calorimetry (DSC), modulated differential scanning calorimetry (MDSC), and differential mechanical 
thermal analysis (DMTA), to name a few (Rahman et al., 2007). In the context of measuring glass transition 
temperature of fruit juices, the differential scanning calorimetry was most commonly used (Goula and 
Adamopoulos, 2010; Tonon et al., 2009; Jaya and Das, 2008; Yousefi et al., 2011). The determination of Tg of the 
fruit juice sample will depend on the analysis of the peaks that result from the differential scanning calorimetry 
(DSC). The DSC will analyze the fruit juice and fruit juice powder samples in terms of heat flow. An endothermic 
heat flow signifies the point at which the glass transition temperature of the sample is reached (Yang et al., 2009). 
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However, glass transition temperature can be difficult to determine if the difference between the crystallization 
temperature and glass temperature (¨Tx = Tx – Tg) is small (Yang et al., 2009).  
 
 Additionally, the analysis of glass transition temperature can be carried out by thermogravimetric analytical 
(TGA) method. Unlike the DSC methods,  TGA methods measure the mass loss of a sample as it is being heated in 
an inert atmosphere, very much similar to steps in using DSC (Stuart, 2002). TGA curves are able to present certain 
changes that a substance undergoes as it is heated, such as phase changes and decomposition of the material. More 
specifically, TGA method has been proven to be able to analyze the glass transition temperature of substances (Farr 
and Harrison, 1989). Although DSC methods are much preferred for analyzing the glass transition temperature, the 
TGA method can be used to reinforce the results obtained from DSC or as standalone analysis for glass transition 
temperature, in any case that DSC analysis becomes unavailable. 
 
 Tg is observed as an endothermic stepwise change in the heat flow or heat capacity and is measured by using 
differential scanning calorimeter (DSC).The biggest advantage of DSC is the ease and speed with which it can be 
used to see transitions in materials. The basic principle underlying this technique is that, when the sample undergoes 
a physical transformation such as phase transitions, more heat will need to flow to it than the reference in order to 
maintain both at the same temperature. This is due to the absorption of heat by the sample as it undergoes the 
endothermic phase transition. By observing the difference in heat flow between the sample and reference, 
differential scanning calorimeters are able to measure the Tg during such transitions. 
 
3. Methodology 
3.1. Material 
    The pineapple used in this study is the Josephine type, a hybrid pineapple possessing a golden yellow flesh and a 
strong pineapple smell, with good resistance to ‘black heart’ disorder and fruit browning. Besides, the pineapples 
was homogeneously and carefully selected in terms of shape and ripeness, and then mixed with a blender . The 
carrier agent chosen for this study is maltodextrin with a dextrose equivalent (DE) of five (5), a grade with a high 
molecular weight and has an anhydrous Tg of 188ÛC and melting point 240ÛC. 
 
     The pineapple fruit was peeled, cut, and processed using Waring Laboratory Blender. The fruit puree was then 
pushed through a sock sieve to extract the pineapple juice. The fruit pulp and fibers were discarded as process flow 
as per Figure 1.  The extracted juice is kept in a refrigerator in the laboratory before preparing the juice for spray 
drying.  The soluble solid content and pH of the fresh pineapple juice were measured respectively. 
3.2. Juice Preparation 
For the effect of inlet temperature study, the pineapple juice was measured into batches of 600ml before mixing 
with the maltodextrin powder in ratios of 15%, 20% and 25% (wt/wt). As an example, to obtain a batch of pineapple 
fruit juice with 25% maltodextrin concentration, 150g of the powder was added into 600ml of the pineapple fruit 
juice. The mixture was thoroughly stirred to ensure the juice mixture is smooth with no lumps.  
 
For the effect of slurry concentration, Aqueous solutions of MD were prepared by mixing MD into 200 gram of 
hot water. The solution was mixed with 900 gram of the fresh pineapple juice using the blender. The amounts of 
MD filled into the hot water were 165, 220 and 275 grams in order to provide MD content 15, 20 and 25% of the 
combination of hot water and pineapple juice 1,100 gram [7]. 
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Fig. 1. Apparatus set up for spray drying of pineapple 
 
3.3 Equipment and drying conditions 
The spray dryer model used for this study is the Labplant Spray Dryer SD-Basic, equipped with a spray type 
nozzle and with a capacity to pump a maximum of 2000 ml/h as Figure 1.  The pump speed setting is a range of 
presets from 1-11. The pump speed chosen for every spray dryer run was speed 3. At speed 3, the pump is capable 
of pumping liquid at a feed rate of approximately 545.45 ml/h. Drying conditions for the spray drying process was 
set at three different temperatures: 130ÛC, 140ÛC, and 150ÛC. A cyclone separator system was used to separate 
powders from the hot air, and the dried powders are collected at the base of the cyclone. The powder yield was 
considered only from the base of the cyclone, and no product was retrieved from any part of the equipment walls or 
chambers. For a study on the effect of slurry concentration, inlet temperature were fixed at 140 oC. 
3.4 Analyses and Results` 
The glass transition temperature was measured and analyzed using a method of thermogravimetric analysis 
(TGA), equipment model TGA 7 Perkin Elmer.  Nitrogen gas was used as the purge gas at 50 ml/min. Each powder 
sample was weighed to about 5-10 mg in aluminium pans, sealed and then the samples were run at a heating rate of 
10ÛC/min from 25ÛC to 250ÛC. The curves that result from the TGA analysis were then analyzed to determine the Tg 
of the powders. The Tg for each sample was considered at the extrapolated peak of the curve. 
 
The other type of measuring equipment used is DSC (Mettler-Toledo DSC822e, Switzerland) equipped with 
liquid nitrogen cooling accessories was used. The powder sample 10 mg was weighed into a 40 ȝl aluminium 
standard crucible and hermetically sealed with an aluminium standard lid (ME-51119871, Mettler-Toledo, 
Switzerland). Then the samples were reheated at 10°C/min to analyze their glass transition temperature. The test are 
conducted at 0°C to 100°C with a heating rate 10°C/min The midpoint of the glass transition was considered as the 
characteristic temperature of the transition. 
4. Results and Discussion 
Inlet temperature of drying air and maltodextrin concentration both had effects on the glass temperature of the 
pineapple powders. The addition of maltodextrin into the pineapple juice caused an increase toward the glass 
transition temperature of the pineapple juice. The higher the maltodextrin to pineapple juice ratio, the higher the 
glass transition temperature. This trend can be seen in studies conducted by Goula and Adamopoulos, (2010), 
Fazaeli et al.,(2012) and Quek et al., (2007) where they reported that increment of maltodextrin concentration 
increases yield of powders and reduces stickiness in powders, which can be related to the glass temperature. The 
effect that maltodextrin has on increasing the glass temperature of the juice is due to the mixing of the high 
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molecular weight powder into the juice, which raises the glass temperature of the juice (Grabowski, (2006); Jittanit, 
(2010) ; Tonon,(2009)). The results of Tg at various inlet temperature and slurry concentration were presented in 
Figure 2. 
 
       
(a)                                                                                     (b) 
Fig. 2. Glass transition temperature of pineapple powder 
 
The maltodextrin used in this spray drying study was of dextrose equivalent 5 (DE5), which has a high glass 
transition temperature (Tg = 188ÛC), thus adding maltodextrin to the pineapple juice raises the glass temperature of 
the overall mixture (Jaya, 2008).  The glass transition temperature also increased with the increment of inlet air 
temperature. Grabowski et al., (2006) spray dried sweetpotato puree at inlet temperatures 150ÛC, 190ÛC, and 220ÛC. 
It was observed that as inlet temperature increased, glass temperature also increased. This effect is due to the lower 
moisture content of the powders at higher drying temperatures, where the effect of water to act as a suppressant to 
the glass temperature is reduced.  In a study of spray drying of orange juice by Goula and Adamopolous, (2010),  the 
inlet temperature was increased from 110, 120, 130, and 140ÛC. At each increment, the glass temperature of the 
powder also increased.  The rapid formation of a dry surface during spray drying inhibits the formation of liquid 
bridges between adjacent particle surfaces, thus lowering the plasticing effect of water and raises the glass 
temperature of the powder (Goula and Adamopolous, (2010); Tonon et al., (2009)) 
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Fig. 3. TGA curve for pineapple powder dried at (a) 130ÛC with 25% maltodextrin concentration, (b) 140ÛC with 20% maltodextrin concentration 
and (c) 150ÛC with 25% maltodextrin concentration 
 
The glass temperature of an amorphous substance can be observed as a mass loss in the TGA curve (Jaya, 2008). 
Since glass temperature of any substance is said to be lower than its melting point, the region at which the glass 
transition temperature can be seen in Fig. 2 (a) and (b) as the region at which the second mass loss curve occurs. It is 
apparent that an increase in maltodextrin concentration from 15% to 20% raises the glass temperature of the 
pineapple powder from 149.24ÛC to 152.90ÛC. The increase is consistent with the findings of Goula and 
Adamopolous, (2010) where spray drying was conducted with maltodextrin DE6 concentrations of 2.5%, 5%, 10% 
and 40% showed an increase in glass temperature from 33ÛC, 53ÛC, 78ÛC to 123ÛC. It should be noted that DE6 has 
a lower molecular weight compared to DE5, thus resulted in a lower glass temperature. 
5. Conclusion 
Spray drying of fruit juices can be successfully carried out to produce high quality pineapple fruit juice powders, 
given the inlet temperature and maltodextrin concentrations are optimal. Addition of carrier agents such as 
maltodextrin has proven to be useful in raising the glass temperature of the final powder product. Furthermore, the 
glass temperature of the product can also be manipulated by increasing the inlet temperature of the spray dryer. 
(a) 
(b) 
(c) 
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Applying both of these methods can produce a powder that can withstand processes of packaging and transportation 
of powdered products, given that the glass transition is high enough that the powders do not exhibit any stickiness. 
 
The temperature glass is significantly affected by pineapple juice concentrate and percentage of maltodextrin 
used. It was observed that high concentration of pineapple juice with percentage of maltodextrin used causes an 
increase process yield, glass temperature, decrease in moisture content and the color of powder is more lightness. 
With regard high to glass temperature , the powder produced was non-sticky and free flow during the process due 
low moisture content. From the results, it showed the practicability of producing the pineapple powders from the 
mixture of fresh pineapple juice and the aqueous solutions of MD by applying the spray drying method. The glass 
temperature is important in order to control fruit powders stability and packaging requirement. The phase transition 
of sugar-rich fruit powders does not only depend on the amount of sugar and acid, some structural characteristics 
such as moisture content are also influence the product quality. From this work it is showed that the glass 
temperature decreases when the moisture content percentage increased. This condition can lead to stickiness 
problem during processing, storage and also transportation. Thus, it is suggested to add drying agent such as 
maltodextrin to overcome those problems. 
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